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(54) SEMICONDUCTOR DEVICE AND ITS FABRICATION 

(57)Abstract: 

PURPOSE: To obtain a vertical MOSFET in which fluctuation 
of threshold voltage is suppressed by composing a gate 
insulating film of a heat treated CVD insulating film and a 
thermal oxide film thereby reducing the charge being charged 
up at the gate insulating film. 

CONSTITUTION: A drain region 1 1 is provided on the main 
surface of a semiconductor substrate 1 0 and a base region 
1 2 is provided on the drain region 1 1 , and then a source 
region 1 3 is provided on the surface of the base region. A 
gate insulating film 20 is then deposited on the inner wall face 
of a trench, and its periphery, penetrating the base region 
from the surface of the source region and reaching the drain 
region. A gate electrode G is then provided on the gate 
insulating film 20 composed of a thermal oxidation film 21 
formed heat treating the surface of the semiconductor 
substrate 10 in oxidative atmosphere, and an annealed CVD 
insulating film 22 on the thermal oxidation film 21. Since the 
gate insulating film has stabilized electrical and mechanical 
characteristics, charge-up is suppressed. 
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(57) [KM] 

ism v-vmm\^^-vTy7zh,%nM* 

WL'PZt, L#V^«EVth©«»*«ljLfcll@lMOS 
F E T Sr^Ti-S^ftSSaRV-t ©»jfi*jfe«:««i- 

fcjrsu Kw^«* [ f^*©j£ii*ai-5 
rtffiffi±;s.tfrro b u^f-«iz»^«*^fcy- biffed 

©T=-*Sil,fcCVDlMM2 2J&»MMt**l-C^ 

t>'>ftv\ cvDlMM»iBlc»{bit«r*»1-« 
:tiaoT C VDlUMbPIMMfclME if LT7 
~-/V£:ft5cDT\ :©CVDMtti§-t7=-/l' 




(2) 



&MW-7-2 4 9 7 7 0 



1 1 fg i mnm<D*mftm& t , 

fflrK¥*ttX&ro£ l ©±iB±tm $ ft, K W 
«t UTffi^bft5»l t, 
IWEJS 1 ©¥*f«i±fc®tf Sft, ^-*«tfi LTffi 
V^ft5»2*«il©*2roiM(ft:J14:, 

«nE*2©i|ti»fl:jioafD5ff«^aK«itJB«sft, y 
bTffiv^ fc^<5 Jg i *«S<&*«*tt;tt** 

t, 

ia* 2 fcjtau meal 

i 5 K»|jtSftfc b u^©rt*ffi-L& 

i/r© h u^^«iaoiwriE^*e*ia«**±^^**ft 
fcy-bif&iiaRi, 

miEy-MMMi±t»riESft, iWEbw*-rt 
st; h u^f jxfe^- Hit, 

nnsM2o>imwi±.Kj»Aiih. 4>tt< 1 1 atria y- 

«nE¥i)M««©!S 2 ©±ffi±(«c£;h,fc K W 
lilri^ 20 
HWE^- MftMttt, llflBbi'>'*'rt**tr*2© J £* 

s&s.tfr oMiubgio±^ift $ ft itm&m s ftfc c v 

So 

l»#E2] IfTlECVDlMWW:, =ygftBIX 
itv-y 3>»Ui-C*)5i4:«r»«i:i-5IIMWlltB 

*kUTfflvb*b6iii»iaiotii 30 

2 *«McDfg 2 X« b , 

fcftsm i *«s©^««ittkt(**wiWK»*i-* 
xst, 

2 JTilU ItrK* l 

lis i ©i&Mi©±fcjs 2 ©i6iw-?*>5c vDmmmz 

fjEn 3 nmmzw, 2 ©»Mt©±i» b» 9 & < xg 
t, 

3afc^-h«i%»j*i-5XSfc, so 



BtfiE^2o^*flsi±t-, fctffiriEy-^««^ 
sis****., 

hUIEM 1 fttWS 2 ©IMMtt -cy- b U 
flME* 2 ©*6ft«tt, «rlEK3©l6«dBtSr»jfii-5XS 

m t Lxrn^ bft^m i ^m®©ig i ©¥*ff*sr^« 
i-siat, 

IE* 2 U ffif£J& 1 ©^StfrBfl-* 

M1E b i^f-ojSif fc£tfrt»i-hXtfw<0 b u^f-m 

b. 

vmn i o«ft«©±^« 2 (Dfflmx-h 5 c vd^i 

BUKU 2 ©*fe»K©±(c3g 3 OfeftfltTfcS C VDRffc 

mc* 3 vmsm*® 2 ©»6««ro±*» e>» 9»<is 
t, 

m^2(Dmm±.\z, m^v^y^R^vu^m 

frsem 1 Rim 2 ©*&&m t x-y- bte^m^** u 
[0001] 

[0 0 0 2] 

T. MOSFETtV^5) (4, *«BXftllf©Ji*KJ: 
Dfi^^figtft^jt^-ev^. fc<»C, fi»JE©MOS 
FET©«*>ilKi:flS«S«*-e*>»), 7*b 



3 



SMOSFETfc&SSiVC^S. £©«®MOSFE 

LT, t^f-f < ft 5 3 < 

HI 0Sr#fiHUTfie*©«l!MOSF 
ETMB!t5„ Uli, MOS*^0jg£{I;ifc^!*# 
SS«0«fflMOSFET*r*i-»»»f]iBB-e*)5. 
*WRfc»j«*Jxfc«*© h u^(4*0*iBK, Wit 

■c, ©^i*Ii l ro±i:f t^HI«l:«^ 

[0 0 0 3] ro^gftS&tJgi&U^ro^igtti 
^^(ciaS^Hfcbu^^l 4(1, Sg2ro^ar#Jgi2 

K)^j5ffi*fc®*Six, # h WVf 1 4©M«iJ(C»ot 

ERSiVtva. y-^««i3tt, 14 
■fe/HE»W*iX'C*J5, MJ**#fcfcl!i:EL<E1I 
1 4©rt«KtJB*SH-CV^*^y-M6IMll 5X* 

1 ro*fe»R 1 5 1 14, JRRfct:: J; 9 ffM £ safe 

m<tm (sio 2 ut) a»b***n-cv^5. £©±k» 

2 0ffi|tRl 5 2T*>5^3 a^*fldl (S i 3 N 

4 IK) #CVD(CemicalVapour Deposition) fCtt)^ 
]*£iVC^5. Sfcfc, r©m2(D#feS!Kl 5 2©± 
fc, »3 0i(6a!lti 5 3is?g«SixTV^. ro« 
(4Si0 2 gto»6>4D, m2W|fe^|jItRC«tCCVD 

[0 0 04] h^&Gi, y-*m® 1 3 WKtB L 
T^SREJJttfT^/i^fifcR*©* 2 ro^frS 1 

Rl 7©3y^ h*-/ufcfl"L"Cy-hWIGKR« 

m-&mz*iit>f-h&Mi s&m&ztix^z. mm 



R%1 3IC3>-^^ HTV^A 1 44fOA*i»fcft5 

y-*«*s#»fifc<*ftT^s. y-*«ffisi4, y- 

*R*l 3iit(cSg2©¥*#Si 2*E(Ct*ii(^ 

=y** hu-c^s. micj;?), m^mm- y-*« 

5 N P N h 7 V S?* * t 4 Z&WZm 

mzmmziMA i &^©&jg^ib&5 kw^hd 
*mftmfai o©»®, apt, ^2©±iJ:i« 

10 $nxv^5 0 y-^tSSStJ'KW^tiDIi, #-fe 
A'fc#UT-*W5iKRttfeii, *-fe/M&y- h WIG tt: 

/W4, ataasRSlvcvs. 

[0 0 0 5] flreN^-t*-MBS!MOSFETf4, V- 
*«iS£*fllU KH^RRDXtW-hRRGH: 

«ESr±»fTVKi:, S2©¥##Il 2©y-F«S 

20 KHS1ET0R 1 1 1 #«*L5. 

[0 0 0 6] 

«SlMOSFET©y-M6RRl 514, h 1 4 

rtffiar;*ojBiziroiNifl:*«*ii±ni»»{bR (s i 

Oz R) 15 1, mm (S i 3 N< R) 15 2XVR 

^r (si o 2 R) 1 5 3immznfz.m-£mmmc£ 

QflWteivC^S (H10#RR) . a#, r©«4 3l 
©££*&liRl4, *ii^ixRftRar«flsRoE**r4: 
oTONORi^LTV^ C ©KfcR 1 5 3 14, Hi 
30 0©J:5^CVD-ej**S*5»&t»l©*&»Rl 5 
1 tRDtRCJRHMbtiD^i-Sr. i^T?t5„ ^© 
y- MfiftR l 5 (4 h uyf l 4 Of*jiSi:o*W§ 
;ix.5©T-(4&<, H^^RPJWIiZ»ct»**lx 

OMIl 5 1(4, tt©«£KftttLT*<fcoT^ 

5„ ^ewfc*, y-M6«RtJ»iMbRft:ttT?**i-5 

ftttttMRfbRi 5 l o±tJt««US-lcjg 
40 ^jn5^ffc5cvDi;J;ot->y (s 
i 3 N4 R) l5 2lrffM1-?>o b^L, CVDftti 
S2<tR(4, R«ffit r. t 

[0 0 0 7] r©fy*-^**jEi-5fc«), ^J^(4, 
ffBMbSrffoT^y a^RfbRl 5 3«r®*L^5. 

rroixy 3^t:^i 5 3i4, to»j*»«H»fcioT 

SftR 1 5 2 Sr#fifei-5^JtC < t t*ffiffl«c©ef B S^ 
so hi^^©M(B©«ttMkRa»»<4aRBa«rHl 2fc* 
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* ii 5 » 5 r t * T? * 5 . Kft 
ttSlffl*?* 2 1 2©->y =yW£fra* 

«Ii:lft->P3^*«^5 (Hi 2 

(a) ) 0 rott, JiUKiisjitfKaixTWfc^y =^ 

Id, ^11 2rt»~A3&tras, *©M«tt N it 
12 (b) ) . Lfc^ 0 -c, r©a^roJ?:^^+^(-1- 

v \ y- h © ^ ^jv^mmtm < * ■? a ? a t , 
-t?tfcv\ r©«[^ fiMosFETit y- vim 
a^ r©i5*R**©ji45*^»6»ii^«aEasaii 

T?*>9, MOSFET©L#V^«SVthisy-Hft* 

5„ L#v^«EVthO«ftli, #tt^ftffittWffiT-» 
^ftKHifc*. *f£BJll*, r 9 fcSft 

£*>©-?& tK ?-Yimm\z?-^—. ^7«^ShSi 

OSFET^fS *i»ttS«fttf-t 

[0 0 0 8] 

ss i *maco^»*£« t , isme*****© * i o± 

Bi±fc»j*Sft, K^HWi LTJBv>feitMSi* 
ttH©fgl ©¥£#«£, «rEJ(Sl©¥i»ftl±t»* 
3 ft. ^-*fltffcLTfflV^ft3»2i*«ffl<0fS2<0 
i{llE^2<D^affrS(7)*ffi««clc51^tt(c 
®$$ft, y-*«KfcLTfll^&ftSJ|$li(MS©* 

t , iniCT^fflR«*XiBa> b z <D*m 

»4t»««RtfflWEJIS 2 «rlTii U MESH 1 

^©rtffiEX&tfr © b uyf-«ia©WlE^«*l£«c 
*tf±fcJBj«3ftfc?-hlM«4:, BWEy-MMW 

±fc»j**ft, a>o, BtriEbn/^rtftiUhvi'f-w 
m\m&ztitz7-hm®t. mm 2 ©^*#«±ic 

ftfcy tufE^*#S«©m2©xffi±(c® 

h u^f-rtt*tfJIS2 0iMMMI©*aftr«fctt#Hft 

»**ftfc«waa*ftfccvDi6Mii»6)«)**ft-cv^ 

5 LT^So WECVDlMMtH:, fP = 

[0009] **W©iN»ft:S1t©»ifi*efeii, 



©»2©¥»ft««r3BJ5£1-5Xgi, Buf^ 2 ©*Ng# 
■©*BiWEIty-^«HgE4:L-Cfflv^ft5»iS»«a 

«£»iS*SBa> b r ©^««ii£»««x vtiriE* 2 © 

JQSfc J: D »ricf 5 XS £ . WSM 1 ©I6IMJI0±K:* 
2©««W-eife5CVDlMMISrJg*i-5XSt, ffllE 

tt#H^*tJ3(t5^a(cJ;i3®fi!ci-5XS£, tulE 
* 3 Ql&HR*:* 2 ©*fei|*l8l©±a>fcl& 0 1» < XS i , 
UtrtEJK 2 ©HfeitBfUr^ huIE h Ui'f-rtXtf h 
5ZI^y-K«1i«r»*1-5XSt. Buf£lg2©^af#g 
/>4< £ t8tnEy-^««^*ft«J^»«Sft*: 
y-xfS^Mt5lSh M1S^fl*K©*2© 
20 iiiliKKytg^MtSIi^ii, fttTG* 

is.u t m2©te^tT-y-h^)i^«^L, mnsfli 

2 OftMtttlfte* 3 ©«*IJIt:S3t1-5iafc*iH-S 
«fc o T7 £ft 5 r i 1 £ LT 

1^5. 

[0010] 1 ©Xffi±S^ KW 

^«Wfc LTfl!^ bfr%% 1 »«M©^ 1 ©WWlSr 
Uttilli, iuESSl©¥*ftS±K-<-*i5*i: 
UTffl^feft5»2*«l!©!IS2©i|£*frJISr»dEi-5 
XSt, milE^2©^*ft:S©*®®«(cy-^M«i: 
30 LTffiv^ftS » l *«&07MttmWft*WlttK 

mmmmjiwm 2 ©*#«i t , itriam 1 

St, fiU§EM^v^©jEffi^tfrtM®±*3it;r©^ 

1-5 XSt, iWrtEJB l ©»i«!it©±tlB 2 ©IfiMtT?* 
5CVD»IMlS:»rii1-5Xat, fJlEU 2 ©Sfegdll© 
±K*3©|6WltT*)5CVD||fl:Bt«:®drt-5XS 
40 i, HufEm3©^«^2©Ji^©±a^K'9^< 
Hi, StrtEJIS2<0jftMS±fc, nine h wvfrtSy h 

jMtftliK, tfciwriEy-^**t*fttttc« 

ttSftfcy-*«*«:JBriS1-5XS£, W15^»frS« 
©m2©±ffi±(^ KW>tiS:»)it53ii:t 
^, HtiiEmiS.U t ^2©itei^lK£T'^-h^)jI^«^ 

xaK*srt51IM!UlKJ:o-cr=-^*ftSri:4rl52 

50 [0011] 



«asf£*.fcD4>fcv\ Sfc, SfriECVD*fei;K*ffi(-K 
flsBI&j£*3tf5ri:fc.fco-CCVD KJHRa* |RMU1 $ 
ti%(DX\ rrocvDJMMItt, tS-KT^-^Sft 

5o 

[0 0 12] 

[IIJfeM J2TF, HIifr#flBLT#*!!l3©£itflJ«:R9i 
£T, Blft£B3C±D**W©iafc0!l*lft93 
1-5. HI 14, aE0E«MB5^«r*ISUfciNl[ft:«fi© 

spffiBL H3H, HlOA-A' »fcJG5W8'©H2fc 

KtfllitfciNf#S110«aMO SFET^i LTV" 1 
5o ^t^^y-^H^ftSl l, 1 2^1o±IC 

>^14f4, ^©*Bf~, #Ri4, ft 3 M mPflPSl^ J. 

IS©Nl©Ii©^ftIi l^itr**^^** 

l i©±fc?-**/i^tf^m^ft5Pi!©*2©iN» 
(Hi 2^«*itlklwJ:oT^**i,T^5. ::©* 
*fl-ettJS 2 ©¥>»#« 1 2 (4, mi ©¥■*#» 1 1 & 

»i©¥*tt*l l±i:S2roitf^if->f;v^It: 
[0013] vhy? ^tti-iassftfc h vvf- i 4 

14, I2 0^*il 2©»^IlC^il 1 

©rt»fc*T?»jjt*hT*iD, ^©*§I4, #J;ii4, ft 1 
*tm, *■©«&£», 09*. tf, ft4AtmT-fc5„ y-*« 
*1 314, ^2 0^11 2©*ffi**i::®J«3ft, 

#b uy^i 4©jniafc»o-cEH£ix-c^5. y-* 
Wisit r© Fuyfi 4\z±oxmmJjM<o¥- 

*|i1r;W4-7 f y ^^^^SIiJEL<Efi^tLTV^o 
$ 2 l 2 ©«ffi(4, hu^fl 4<D\hUizh 

SK2 OOiCM^iT't^So *&y-MMM*2 0 
ro*TlotBl©*6«K2iH:, HMMkl-J: 

fc^y=^iwkBi (s io 2 no i»e>*«sn-cv^. 
r ©±tm 2 ©&HR 2 2 x-fe 5 ~> y =i vmm ( s i 

3 N 4 81) *CVDfci9»**il-CV^5. 
[0 0 14] ^-FtlGi, y-*««l 3©*tt|L 
-CV^2,*S±StJ 5 f• J ^^^JSffl«^rom2ro^frl 1 
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2©«tBLT^3*SiJbtrS5«fc, 09*.tf, PSG 

(y y-v-y^-htf?*) Rfc2?*»e>fcs*s*j6oo 

nm©ii&i:BI (JflMbHR) 1 7^M^ntV^„ r 
©iffeiEflgl 7©=iy^ h*-/Hr^LTy- h«;1SG 

Ma»l 8as^rit*^TV^5 (12) 0 wratu, r©*6 

h ltv^a l 4ir©&K©y-;*««S!oSJ8 
jssn-a^a. y-Mami 8^y-*«ffisfrf©E 

10 «U4, IRfefUJtl 7©±(^*-^y^£aVt^5 0 
H2-t*r±5t. r-OlMMli 7©±t(4, Al©<? 
-bBUl 8«s»j**ii-C33 5. y-hEHi8(4, A 

1 ©y-h/N-y K2 SfcJftRLTV**. y-hE*18 
(i^a|^S« i o ±© h v^f-?fl||]©±^E1I* tiXii 

"9, K2 3©Tl-f4, hw+l 4tiM&$ 

ft-cWiK tfc, y-^tist(iy-^<y K2 4 

^1414, y-*«tfl 3©*fc»j*S*t-C^5 (B9 
1) o £&©, 0*JX-l4, 2ooM/yf?rlo©y-^ 

[0015] y-^«ffstty-^««i 3fcktt» 
2©¥»fWi 1 2*iBfc*aK = ^^^ M/ri^s. r. 

PNh^S^JfciSIWfcttWL-CV*. »1©¥ 

mm 1 1 © kk ^«*t«ft«j^ffitt$ii6A i * 

£'©&*!© KW>"©£D 14, MMfilO©!!, 

ip*), *2©±ffi±t^dtSixTv^. y-^iiss 

■So sijen^*/v|$®mosfet(4, y-^iis 
**ttu K^^«*Davy-n:ttGt!:jE©«E 

ifTV^t, *2©s|*»(Wil 2©y-h«IGfc«-rtl 

^R<EL-CR<EJIt*0, y-^«*l 3*»e>5(EJiit 
T©m 1 1 ©*##:S 1 1 fcttf iSSfcftS. r. ©i£®M 
OSFET©y-hilfeiS!«2 0l4, hl/Xf 14« 
40 t/^©JlH©^3f*£«*ffi±(-W^ (S i O 

2 K) 2 lSt/SftH (S i 3 N 4 SI) 2 2iS«lSix 

[ooi6] y- h&m.m2 014, fi&asixfccvD 

9 LTtfjE*Jfe^!l©^«^gS©^3t*-fe 
H 4 75^0811, ^*frgS©MiiXSSlT 
ffiH, 04(4, y- Mfii«©i(t**jfiS:RMr5¥iE 

so nx*fe5„ ff^fti 5 o^mror -yy 



(6) 



#M¥7- 2 4 9 7 7 0 



1 0 ©I 1 ©£It;1 1 (D^iffe?iNl-> y 3 > 

*^a-S l l CPlft^SW«it*fe5l2© 
¥*fl=*l 2fcJ&*-t-5. PEP (7thi? 

««i:45N + 1 3St?Bj£1-5. *L 

T, 3©*iB4»e J JB20i|ii»ftll 2«rJT 

msi ©*mmmi i i tcari-aa*© h 1 4 

fc, R I E (Reactive Ion Etching) ttfc^E 10 

iDMU r^-rby^^tt^E«1-5 (0i# 
fig, SI 4) = 

[0017] hvvfi 4©rtIKttff 2© 

1 2*I±l:Il ro»^SlT*fe5W^2 1 
3r®J&-f5 (0 5) 6 I2©^ftll 2*EI4, ^ 
tt^BiS*, 151 0 0 0rT*f&&a£HT&®M2 1 

*»)*Six5. r©?&#yi*agi4, ^9 0 0~no 
0°Ctm%X-hZ>c ;oHI!ffi2ifflil:cv 
D*(iJ:5i/y=^ftiro«flJi (CVDIM) 2 2 

(06) „ £ftttJB2©|&i[K2 2-e*> 20 

5 0 cvd£I4, *tttttt-e©fl:*R«KJ:oT«fl:^ 

K («©**tt) ©£T«ftJBI^&3 0 IP*), 0 9 
(a) K3%i-J:5KCVD«flJ|Ott*tt^llll4, 

«Mfcflt2 2«:R{fctt#H*'P, 9 5 OtSLh, 

1 1 5 o-cwt, 1 0 0 oic-ei *i«s*lMfc 

LTS 3 (omm 2 5 Tfc5*«MkKSr»*1-5 (0 

7) o 30 

[0 0 18] ^3l5©iKSMO S F E TTI4, * 

SCDHmm-kZcotplctttiX, V*i$50NOlSri 
jfcl/tl\fc#, **"flTtt, *3©»|MI2 5«:J(S2 0 
itH2 2©±(:«LT^? )< :©!3©«6fl2 5 

*i y > ^flBift £*©*£ ic J: o t& 5 < r. t fc» 

(0 8) 0 £3©feftR2 5, rO^Jg^T* 
14, v-y =>©jl!HMU)tS:l»*i-5lcH:, r©*6»ffi2 
5©^3Ly^y^$^5J;5t*2(Dtei(ftJ»2 2Tfc 
6CVD*fl2lli:Oay^i/^WUfc©«vxtm-e, ffl 40 

if, 5%kL<l4*tUi(T©*K (HF) fcffiV^. L 
fc^oT, £©*SMOS FET©y-M6>ttt2 0 
11, »l©IMMt2 1 t«2©|6»||l2 2a»fc*9, r 

commmx'te, mtui, mi oonmofsisfes. g 

2 (DIMM! 2 2tt, re£3 0lUtK2 5 0$Ai*eHI!l 
MiStCi >P^)-('T--^^^2) 0 ^©g*, CVDf 

oT09 (b) \ZxrtZ*>\Z.'Pft<bt>3mtt, tir£«l so 
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